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INSTRUCTIONAL GOALS SIS

' run rise time tests and record the data

T e T

.fUpon compietion of this 1esson the student shouid be abie to successfuiiy

The student should also be abie

to déscribe how nitrification/denitrification affects siudge rise time.
‘Use this lesson in conjunction with the-]esson on ‘the settieometer

II\STRUCTOR ACTIVITY

For best resuits, foiiow this sequence

.

R

T Time

'~§2i ) Activit L |
? igv Review the objectives with the students.A - 'f:v2 minutesui |
2. Have the students read through the: = i0iminutes - o
o procedUre and suppiementary materiai o , o
3. Lecture/discussion on: procedura. '~_'11.Q:t»mi'nutes‘ S
’ '_4; Demonstrate settleometer equipment. '““ﬂ .10_minutes
7. (Show . selected slides from settieometer ‘
- Tesson-if avaiiabie ) ' .
L o \ . .
5. Assign worksheet, 5 minutes -
" 6. 3 minutes

_Cornect worksheet.

, Other Activities
1)

If siudge samples are avai]ab]e set .up a settieometer in advance to

demonstrate what a siudge sample iooks like after rising.

Zi

sTUDENT ACTIVITIES |

1. ’Read objectives
2. Read procedure and suppienentary material.
3.  Listen to lecture/demonstration.
4. Complete worksheet.
Y @. )
o ) . . C ~
' '  Rt-lof2 O

If students are capabie. discuss chemistry of nitrification/denitrification.

7/82




INSTRUCTIONAL MATERIAI.,S LST. T

e

:Instructor § Guide for Rise Time.
. Student Workbook for Rise Time. -
35 mm projector and screen (if using settleometer- slides)

. Settleometer equipment for demonstration.
Sludge - sample.~ ‘ '

REFERENCEIJST

¢y
.

,"3 "Handbook of Advanced wastewater-Treatm t', 2nd Edition, Culp, Wesner;
and Culp, VanNostrand Reinhold 1978 Chapt' , e e o _
 5-"Chem1stry for Environmenta] Engineering"; 3rd Edition, ' envand‘MdCarty;"
' McGraw-Hill, 1978. ‘ ’
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. S o IR ~° RISE TIME
 WORKSHEET - L |
Directfons: 'Blace an "X“ by the best answer(s). There may be
moreﬁthan one correct response. '

1.  Microorganisms in mixed 1iquor convert ammonia to nitrite
and then to ' nitrate by a process called:

a)___' fermentation.

b)___- 'denitrification.
: c)__)L__ nitrification. e .
d)__ fertilizatibh., 'v |

R e) clarification.

-

2. Denitf%fication: - _ N
| a)_____'is\ah aerobic process.
b)_x is‘an anaerobic process.
,€)_X_ is a reduction process.

d)____ is an oxidation process.

3. Rising siudge in a secondary clarifier:
. a) ‘isva]ways a'hydraul#t problem.

b)- X o could be caused by trapped nitrogen gas.

-

c)_X  contributes to poor effluent.

d)  means sludge detention time is too short.

R
@

H
{

¢
W-Rt-1 of 2




- ‘ . o . : ‘
~To'run a rise time test: ' o B .
‘a) it is best to start over after running the settleometer ;
o test _ _
fb) | put sett]ed-sludge in a beaker and gently bubb]e air-in.

under the blanket: -

c)' - measure the volume-of fhé blanket'aﬁter it expands.

» .
d) X continue observing settled sludge until it rises.

[}
¥

The rise time for settled activated Slydgeﬁ

o A : : '
a) X .could be as short. as one hour. -

b)._X__ could be as long as six hours.

€)_ X “eould be longer than eight hours.

‘d)_ is‘always 3 -6 hours. '

g -
@ o
e ]
o .
o

W-Rt-2 of 2 R R - /82
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\INTRODUCTION L
: < RN
This lesson on- rise time is intended to be used in conJunction
with the module,on the settleometer. It is presented separate1y
' v'to’enphasizé the unique value of the test. The 1esson is inten-

. ded to give the operator the sk11ls to run and eva]uate the test

, for- sludge rise time. “
OBJECTIVES - . ' f '
Upon comp]etion of tQis modu]e you shou]d be able to: \
“VI.A Describe the. purpose of the rise time test.
“2. Describe the test procedure.
3. Perform tgs test procedure. ., LT
PREREQUISITE SKILLS | |
This'modu1e is 1ntended to'be used by individuals who have com-
: \ pleted the NPDES Level I laboratory sk111s training In addition, .
‘ N you should be familiar with the setﬂeometer procedure and the

o b " prerequisite skills listed with that module. : “
RESOURCE LIST o S R ¢
Sett1eometersumay be purchased fF&n: ,
' . . 1. Artﬁur H. Thomas Co.‘ N§1gene Sett1eomefer

-~ Vine Street at 3rd _ and Centrifuge Kit o
P.0. Box 779 ‘ ‘ #9857-V25 S '
Philadelphia, PA 19105 o : o /
2. "SGA Sc1ent1f1c. Inc. JS - 1035
) 735 Broad Street, Settleometer :
iy Bloomfield, NJ. 07003 -2 liter *
IS . Double grad.

'? P '. Jﬂa
/ S-Rt-1 of 8




RISE TIME -

w".'u'

INTRODUCTION

: The m1croorgan1sms in the act1vated s]udge proce s’ that - &

help form the flog in mixed liquor are mostly aerobic a d facul-
- tative organisms. In:the aerat1on ‘basin where oxygen 1s~p1ent1fu1

they metabolize. aerob1ca11y "Under. certain aerobic conditions,

ammonia is oxidized to n1tr1te and ‘then to n1trate by .the\'microor-.

ganisms.. This process is‘called nitrification. ~Whenthe \mixed ' o

Tiquor enters: the secondary clarifier it sett1es in an oxygen o
~deficient environment. - Under these .anaerobic conditions facul- =~ -

tative microorganisms reduce the nitrate formed earlier to Witrite =

_and then to n1trogenfgas.n Th1s process 1s ca]]ed denitr1f1c tion =

‘ N1trogen gas Ye1easedkdur1ng den1tr1f1cat1on can become gﬁ- S
trapped in the settling floc and cause it to:float to the surf ceafft R
degrading effluent quality. - Mixed liquor ina settléometer wil], . =t
also denjtrify and eventually the'settled blanket in the settle\ =~ .
‘ometer will rise to the top. .The time at which this occurs gives' -

- an estimate of n1tr1f1cat1on/den1tr1f1cat1on activity and how 1ong' S
sludge can safe]y be deta1ned in the c]ar1f1er. o A St

K]

EQUIPMENT o AR f-i», ”f.' B ,~';;';é';5, ;1_:,.;_-

Sett]eometer -2 11ter Ma11ory D1rect Read1ng SGA SC1ent1f1c Iné."
K ' Catalog #JS 1035 .or Nalgene Cata]og #1010 ‘

~ St1rr1ng paddle o _
T1mer (E]ectr1c Gra]ab Mode] 500 or equ1va1ent)

ot

PROCEDURE A[‘ R :-_, ;; !

I

1.° RUN SETTLEOMETER TEST

Refer to, the lesson on sett]eometer v
- tests. _Co11ect ‘'sample and observe sett-
ling as indicated. - Do not discard sample .
after observ1ng settz1ng ' o

2. CONTINUE TIMING. T A
' .. . Continue timing the settling from the :_
» . ..+ - .original zero time for the sett]eometer
e S test. & . KN

3. OBSERVE SLUDGE BLANKET. R @
L : Natch for the b]anket to rise to the R :
o : ‘ -« surface or f11p over and f]oatrto the - .
- topo C . L ’ S

o 3 smezets . Y amd

. < ] . : ., .



‘» % ..+ 4, -~RECORD RISE TIME. .. - . A T S
‘ o ' " Record rise t1me on settleaneter data R o
- sheet. The rise t1me may take only - . o
~one-hour or it ‘may. not rise in eight
‘hours or more. Typ1ca11y, r1se t1mes
are' 3 - 6 hours ; :

| '5;' DISCARD SAMPLE AND CLEAN SETTLEOMETER

';4 INTERPRETATION
A The rise t1me test a]ong w1th the. norma] sett]eometer procedure,'l'
- is-used to. mon1tortsTudge behavior in:the ‘secondary: c]ar1f1er of .ah I
activated’ s]udge system. The rise time test specificallyican monitor™ . "
_the effect of ‘the nitrification/denitrification process andican aid -
. the; operator in determining optimum clarifier sludge detention time-
= and, to some extent 0pt1mum degree of ox1dat1on 1n the aerat1on y o
“~ibas1n R = Co _ . S . g o X
- N1tr1f1cat1on occurs in the aerat1on bas1noand resu]ts 1n the . ”
.format1on of” n1E?ates in the sludge going to the secondary c]ar1f1er
kS o ‘Nitrification occlrs in all plants to some degree.’. Any plant. hav1ng
. % “° - . ammonia nitrogen levels of 2.5 mg/1 or higher.in the raw, influent can -
T < expect s1gn1f1cdht n1tr1f1cat1on if conditions are appropr1ate The
R a,temperature pH, and d15501ved oxygen . level in the aeration basln a]] b
co# 0 . infllence nitrification. * The, warmer: the. activated: s]udge, the mare v,.*_~;f“f
- . nitrification, will occur. Opt1mum pH for nitrification-is about 8. 5.
- Twice as much nitrification can~bé expected at a'D. O of 2.0 mg/l as’
ynwoqu occur at a D 0 of 0.5 mg/] ‘ : _ - .
L R The anaerob1c den1tr1f1cat1on process occurs in the c]ar1f1er
7. . . _.sludge bTanket as the sludge loses dts D.0. and becomes anaerobic.
' As the.sTudge becomes anaerobic the nitrogen gas ‘released during o
‘denitrification is trapped in the sludge particles causing the sludge ,
. to rise'to the top in clumps’ and deteriorating effluent.-quality. How
¢~ "‘quickly this occurs depends on the D.0. content of the sludge and- the
: degree of n1tr1f1cat1on that took p]ace 1n the aeratlon bas1n

The rise’ time test‘measures how quickly the s]udge can be ex-

'pected to rise.. Rise times might vary from one hour to six hours..

Some sludges may never rise. Normally ox1d1zed domest1c sewage coqu

be’ expected -to: r1se in three to four. hours . T
R The operator should calculate the s]udge detention time for the * o
: ,q.secondary c]ar1f1er and compare that to ‘the rise time.. If the rise

“time is less than the detention time,” rising sludge prob]ems can be’

expected. Sludge detention time should be decreased by removing sludge
’ , from the cTarifier faster,, Nitrification tan also be influenced by
. : "adjusting D.0. in the aeration basin. However, be caut10us of upsettmg
o otherw1se good quality s]udge product1on ' , _

-

l‘ ‘
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SUPPLEMENTARY MATERIAL

o INTRODUCTION

-”'PROCEDURE

o mxsame

" SETTLEOMETER TEST

»o.

;“ jsola_s -liquidseparation capability of the sludge.: The test

is commonly.used to make this determination: on activated sludgéi.."

entering the secondary clarifier and aerob1c d1gesters, to de- ff:
~ termine downt1me of the s1udge ;

‘EQUIPMENT

5The purpose of. the sett]eometer test is- to 1nd1cate the ”J,; "

Sett]eometer -_2 11ter Mallory Direct. Readlng S’ Aﬂgt{ént1tic;'lhc;vf»?9~-'5a~-» -

Cata]og #JS- 1035 or Nalgene Cata]og #1010
St1rr1ng padd]e - G , ,
T1mer (E]ectr1c Gralab ~Model 500 or equ1va1ent)

COLLECT SAMPLE

. Col]ect at 1east 2.5 liters of sample and
~“de11ver to the 1ab w1th1n 15fmanu*es et

" After the sample has been collected, it should
“be thoroughly but gently mixed and poured into -
: ;;  the sett]eometer without de]ay :
3. POUR SAMPLE INTO SETTLEOMETER. | ' : :
Fill the settleometer to the 1000 cc mark. Al-

though the settleometer actually holds 2 liters,

. | it is calibrated from 0 - 1000 cc.
4. STIR SAMPLE. o T |
- Slowly stir the sample in the settleometér with
, v . a paddle to insure that it is completely mixed,
A .~ Then, use the paddle to stop the swirling-motion
: of the liquid, slowly and carefu]ly remove the
.paddle and start timing.

. Pieces of plexaglass the appropr1ate 1ength make '

.excellent st1rr1ng paddles. These pieces §hould

o

of the settleometer
L ",'_15\
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'~ 'RECORD DATA.

EOMETER. ©
For Actlvated Slqu_

””After 5 minutes have e1apsed ‘read the s1udge
lanket level (the interface between the: solids -
ind* the cTear liquid above’ the solids) in cc/1

_ ond:.this reading. “Read:at five-minute. - ..-
" Eintervals -until 30 minutes have eldpsed .- Dur1ng L
R the next 30 m1nutes, read at 10 minute 1ntervals.

. J;Rengngs wou]d be made at 5, 10 15, 20, 25 30, -
R ~40, 50, and: 60 minutes. The s]udge blanket level. "
v ' read1ngs taken at .these times are readings o thep
-*vo]ume of settled sludge in cc/l o -

~L'Record values of data appearance of supernatant,
S o !:appearance of sludge and of the sludge supernatant
AR , 1nterface o : : A

A _'Efor Aerob1c Dlgesters

. Read and ‘record: the sludge blanket level in cc/l _
- after 15 minutes, 30 minutes, and 1 hour, then once =
© +’per hour until the $ludge reaches ultlmate compact1on

., hor rises, Determine the time and 1ével .of ultimate
31,compact1oﬁ‘and then the r1se t1me of the sludge.

g . < J,\';

N .f’t.-'r . (S e eF Sk
o . o ; : oy
Lo . R

WASH SETTLEOMETER L j,'fﬂ' &

\

- After the‘last reading ha§ been taken, the settle-

" ometer should be washed with soapy water, rinsed _

v - w1th tap water, and dr1ed w1th a towe] or al]owed -.{
L o dr1p dryx L e .

i

i I . 4
e 1 v M

VoL 0. ’ .
i - e ) + CALSEN
i N 3 : : i

(g R 1

. : 0
AN = . K
o \

. U sRt-5of8 . .. 1@




“SETTLEOMETER DATA -
~Activated Sludge 8.

P

| pate

—

Observatlons

~ . Sample location

F Ioc

Analet

T ‘f]- ’floctulant

- -
.

_Tlmo.. of Test .

ioe

IOE dlspersed

SSC

TATO) Goony
ATE) (1090)

Vv

terface

.Titne'

SSV

cc/l

[ ] weII def‘ned

[ 1 ragged = s

1000

Supernatant o

LT clear ;!

" ['] turbid

[ ] pin floc

- _ » 1] ‘straggler floc

50

P
¥
j

--Comments:

Rlse Time_

(odor, color, etc.) ™ |

Date

W':’é” - X L
. o B

.| Observations: - .

A

Sample IocatuOn ' ¢

o " Floc

: __AnaIySt _

N

[] flocculant

Time of Tést

~. .

o) oispersed

SSC + (ATE) (1000)

Interface

Time

Ssv
cc/l

-SSC :‘ (1. well defined

ragged

o - |¢

10000 '

R 18]

] clear

(] turbid :

[ ] pin ﬂoc

1 ] straggler ﬂoc

Comments :

Rlse Time

S B Supernatant BT

(odor, color, etc.) -

-

. h!’S..

e
y

S-Rt-6 of
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Ry . . . -
T . i ‘

o & ’

' " B L:

- SAMPLE DATA SHEET

SETTLEOMETER DATA

Activated Sludge OBSERVE DlﬁJRlNG :

Date  B/45 | v T )on-.rvfuan-j "FIRST 5 MINUTES
Semple location . dor Bussie * 7 - Floc_ ° : ‘
' S4. l/llncculnm . e g .

-~ ([ LAB TECHNICIAN

Analyst )
Tima of Test /0.'1}4 - [ ] dispersed
SSC = (A~C) (1000) - Interface
55V - t
oy SSV "$SC ({n.ll defined
me. . : ‘
. - . , cc/l ) 1) = '
TIME OF DAY ° 000 2 - [ ) regged,
B . ' s g P Z o quermum
) : 10 - " o0 28 ”_ I ) clesr
o . ) ’ ; - 15 - ..3as 9.2 ‘. . Ml'urbid oy 3
s : . : T 390 .Y . -
' - 15 | 260 #s - | L) pinflec
.an A AR Ry SN ’ l’nugg‘or floc -
40 210 - 26 Commonts: (odor, color, etc.) '
S 50 Q00 /5 . . . B
a e ] 200 s Rise Time___¥
Oate Obur'vnlom:' oo v
. . . . bs
- smple logliion a

SETTLED SLUDGE TOTAL TIME UNTIL)
' ' - SLUDGE ROSE

SETTLED SLUDGE ) _ | , ,
| iy CALCULATION

e 4
VOLUME . Y ned
) cc/l - :
) - ragged
- e T 0 . 1000 - » 99ed
. 5 i : Supernatant . y
.10 .o . . N (1 clesr: .
- T turbid
20 1 tn ;
. 25 N [ 1 pin floc .
.30 : i - I 1 stragglar floc
* o .
% — - Comments : (odor.‘color, etc.)
) ,,): v 0 Rise Time_______ hra.
R .y " " t ' ! . . . B
. v no ‘ . v) ‘ . ‘ * ’ . . . . ' '
Ki . . — N * ) C ) .
. \ ) ’. '. ' _l_ . | ‘ . . - . B : .

o K -‘ ". 'v : k.‘s_Rt,y_Qf"a . 18 . _ g | ,,v~7/82, .' '




PROCEDURE AEROB'IC DIGESTOR

. Col]ect 2.5 11ters sample 1. Read at 15‘and 30

L
2. Deliver to 1ab within 15 min. - Mminutes K
3. Mix sample : 2. Read fise tjme
4. Pour 2 liters 1n;o sett]eometer
5. Stir ¢ | L |
6. Stop mot1on of sludge - : . -

<'
#

I ‘ ACTIVATED SLUDGE:

11.,jRead eVery 5 minutes for first
30 minutes and every 10 minutes’,v
for next 30 minutes

2. Read r1seit1me.. - - Co

- - o "' Settleometer

The abbve”procedure‘sdmmary is designed as a 1a.oratory aid '-Tt ‘

may be cut out and attached to a 5" X 7" index card for conveniéﬁt
. reference at the 1aboratory bench To protect the card’ you may

‘wish to cover it, front and back with clear, self- adhesive she]f ‘ M e
| paper or similar clear material o

- 15 o
' . 4

‘s-Rt-8 of 8




. L | | RISET'IME'

_1 . WORKSHEET ~ ~ N | | | |
s Directions: Place an "X" by the best answer(s). There may be .

~more ‘than'one correct response. o

A P Microofgahisms in‘mixedrliquof‘converéf#mmonia‘to hitfité
' and then to nitrate by a prpcess.cglled:_
- a[_____?irmentationr‘. | b
?bx_;__; denitrification.
c{_;;;; nitrification. _
' d);;___ fertiTization.' ' - S

"e) _- clarification.

2. Denitrification:
. . a)____is an aé.robic process.
o b). . ..is an}ahaerobic brpgéss;
’cx;;__;lisfa rgduction'proééss.

d) is an qx1datioh process.

3. Rising sludge in é,secondary_c1arif1er:

'a);;_;_ is always a hydraulic probTen. o o
b) -

could be caused by trapped nitrogen gas.

“¢) contributes to poor effluent. ~

- d) lans sludge detention time is too short. . )
- \
o e
iv , - S ) . . .3. .
. . : N
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4. To run a rise, time fest' o o T S .

»

a) © jt.is best to start over after running the settleometer

‘ o test. ‘ _ ,
' b)____, put settled sludge in a beaker.and gent1y bubble air in
_° under the blanket. R o o .
E "CB_TT_; measure the vo]ume of ‘the blanket after it expands
- d)___:  continue observing settled sludge until 1¢ rises.
5. The rise time for sett]ed activated sludge: - . . L.

a) could bé as short as one hour,

b) . could be as ]ong as six hours. - . | 5 -

c) _could be longer than eéght hours. . ) C e .

- d) is always 3 - 6 hours.
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